Early and late results of the modified Fontan procedure for doubleinlet left ventricle: The Mayo Clinic experience  by Mair, Douglas D. et al.
JACC Y.I ia. No. 7
scember 1991.1727-T2
PEDIATRIC CARDIOLOGY
Early and Late Results of the Modified Fontan Procedure for Double-
Inlet Left Ventricle : The Mayo Clinic Experience
DOUGLAS D. MAIR . M D. FACC . DONALD
J
. HAGLER . M D
. FACC . PAUL R . JULSRUD. M D .
FRANCISCO J . PUGA, MD, FACC, HARTZELL V . SCHAFF . MD, FACC,
GORDON K . DANIELSON, MD, FACC
Rochester, ,Mirrnesof.
Between May 1974 and March 1989, 155 patients with double .
inlet left ventricle had the Foment procedure performed at the
Mayo Clinic . Age at operation ranged from nearly 2 to 41 years
(median l0). The operative mortality rate from 1974 through 1980
(39 patients) was 2190, but from 1981 through 1989 (116 patients)
it was reduced to 9%
.
The 17 late deaths were secondary to reoperation in = 8),
progressive myocardial failure (n = 5), sudden arrhythmia In = 31
and bleeding canoes (n = 1) . Neither operative nor late mortality
rate was significantly related to age at operation . At follow-up or
The Fontan operation
. which establishes a right atria) to
pulmonary artery communication, was first successfully
applied in tricuspid atresia (I). Subsequently . modifications
of the procedure evolved for patients with other types of
congenital heart defects characterized by a functional single
ventricle (2-4) . A modified Fontan procedure for double-
inlet ventricle of left ventricular type was first performed at
the Mayo Clinic in May 1974. and 155 such procedures were
performed through March 1989 .
Van Praagh et al
. (5) classified a single ventricle according
to its morphologic features, and Hallermann et al . (6) ex-
panded on this classification according to radiologic findings
.
The most common type of double-inlet ventricle is that in
which both atrioventricular (AV) valves empty completely
or predominantly into a large functional ventricle of left
ventricular type . A small rudimentary "outlet chamber" of
right ventricular type arises anterior and to the left of the
large double-inlet left ventricle and communicates with it by
means of a ventricular septa) defect of the hulboventricular
foramen type (5) .
The aorta is levotransposed and originates
from the outlet chamber. whereas the pulmonary artery most
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6 months to II years (mean 4.9 years) in Ill patients, 88 99 were
in good or excellent condition and 12% were in fair or poor
condition .
The Fontan operation can be performed with a mortality risk
of <1 V, in properly selected patients with douhle-inlet left
ventricle . Late results are encouraging when contrasted with the
clinical course of patients before this operative approach was
utilized.
(J Am Call Cardiol 1991;18:1727-32)
commonly arises from the large morphologic left ventricle .
According to the classification of Van Praagh et al. (5). this
most common type of double-inlet ventricle-the one with
which this report deals-is designated as type A-111 (Fig . I I .
This report documents early and late results for patients
with double-inlet left ventricle during the nearly 15-year
period of application of the modified Fontan surgical ap-
proach at the Mayo Clinic .
Methods
The modified Fontan procedure . From May 1974 through
March 1989. 155 patients with double-inlet left ventricle had
a modified Fontan operation performed at the Mayo Clinic .
The operative procedure involves placing a patch above the
right AV valve to occlude it or placing an atria) baffle to
exclude it and then creating a pathway between the right
atrium and pulmonary arteries (2 .7) . The proximal main
pulmonary artery is closed
. If an atrial septa) defect is
present, it is closed or excluded . Previous systemic arterial
to pulmonary artery shunts are ligated or taken down
. If a
Glenn enastomosis (superior vena cava to right pulm ,lary
artery) has been previously established . it is left in place and
inferior vena cava blood only is directed to the left pulmo-
nary artery through the right atrial to pulmonary artery
communication .
Follow-up. In April 1989. the operative and late results
were reviewed
. Late results were assessed at that time for
patients operated on through September 1988 and in Sep-
tember 1989 for patients operated on between October 1988
0795-1097191,9 50
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Figure 1 . Ventriculogramdemonstrating typical anatomy ofdouble-
inlet left ventricle. The main ventricular chamber is of the left
ventricular type and gives rise to the pulmonary artery. A large
unobstructed ventricular septal defect communicates with a rudi-
menlary outlet chamber from which the levotransposed aorta arises .
This patient had naturally occurring valvular pulmonary stenosis .
and March 1989 . Follow-up, therefore, ranged from 6
months to nearly I I years (mead 4 .9 years)
.
Study patients. Most of the 155 patients were of school
age or older at the time of operation ITable I)
; 43 patients
(28%) were ?16 years old, Because many of the patients
were beyond early childhood, prior palliative cardiovascular
operations had been performed on I I I patients (72%): one
procedure in 73 patients, two procedures in 32 and three
procedures in 6
. Thus, these I I I patients had a total of 155
prior palliative procedures (Table 2) . Only 44 patients had
not had a prior cardiovascular operation .
Surgical procedures
. The types of pathways constructed
to direct systemic venous blood to the pulmonary arteries in
the 155 study patients were as follows . I) A direct anasto-
mosis of either the right atrium or right atrial appendage to
the pulmonary artery was used in 144 patients
. 2) A conduit
was placed between the right atrium and pulmonary artery in
Table 1
. Age Distribution of 155 Patients With Double-Inlet Left
Ventricle Who Had the Modified Fontan Operation
A
ge ar Operadan lyn' No, of patient
.
'Range 23 months Io 41 years.
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Table 2. Type of Previous Palliative Procedures in I I I Patients'
With Double-Inlet Left Ventricle Who Had the Modified
Fontan Operation
Type of Poor Palliative Procedure
Pulmonary artery handing
Blalock-Tauasig wandard of mndifiedl
Walerslan
Subeortic resection
Glenn
Polls
alalmk-Hanlon
Olhcr
Total
'Some patients had more than one procedure .
nine patients (all were operated on before 1979) ; seven of the
nine conduits contained a porcine valve (Hancock conduit) .
3) A right atrium to outlet chamber communication was
established in two patients whose pulmonary artery arose
from the outlet chamber rather than the main ventricular
chamber .
Additional surgical procedures
. In some patients addi-
tional procedures were performed at the time of the Fontan
procedure
. Seventeen patients had subaortic resection of the
bulboventricular foramen or tonal musculature lying be-
neath the aortic valve, or both. Of these 17 patients, 14 had
prior pulmonary artery banding, a procedure known to
predispose to the development of subaortic obsuvetion
(8) .
Most of these patients had either mild or moderate obstruc-
tion that had not produced left ventricular hypertrophy and
secondary impairment of diastolic compliance severe
enough to preclude surviving the Fontan procedure
. How-
ever, early in our experience . several of these patients had
severe subaortic obstruction that proauced marked left
ventricular hypertrophy
. The high early operative mortality
rate in this subgroup of patients (9) has led to our current
policy of using a staged approach in such patients . Patients
with severe subaortic stenosis now initially undergo subaor-
tic resection. Months later, after the severe ventricular
hypertrophy has decreased secondary to the ventricular
decompression achieved by subaortic resection, the Fontan
repair is performed .
Thirteen patients needed pulmonary artery pnlrh recon-
stractiau
to correct distortion caused by a prior Waterston or
Ports shunt or pulmonary artery banding . In six patients .
severe iatrogenic narrowing of the proximal right pulmonary
artery necessitated a superior vena cava to distal right
pulmonary artery Glenn anastumosis, by which inferior vena
cave, blood was directed through the right atrium to the left
pulmonary artery (IIU . Early in the series, three patients had
a Damus-Stansel-Kaye procedure to circumvent subaortic
slenosis . In two patients with severe left AV valve incom-
petence, this valve was closed and pulmonary venous blood
was directed to the right AV valve after creation of a large
atrial septal defect
. Three patients had insertion of a perma-
No. of Procedures
66
51
Ill
R
7
7
155
,2
2
--3 12
4-6 In
7-10
35
11-15 33
16-19
18
20-3D
20
31-40 4
>40 1
Tnral
155
Year of
	
No . of
No . o
f Deaths ;
of Deaths
Operation
Patirnts Ealy Late
laity
Ocean
1974-1980
19
21
t11981-1989
116
19
Total 155 19 1'
flout pacemaker. two of whom had complete heart block
before the Fonlan procedure. One patient needed concomi-
tant aortic valve replacement because of severe aortic valve
regurgitation .
Results
Early mortality. Analysis of the early . late and overall
mortality rates for the intervals 1974 through 1980 and 1981
through 1989 (Table 3) showed that the early mortality rate
was reduced to 9% for the most recent 8-year interval .
Analysis of mortality data as related to age at operation
revealed no significant difference in early or overall mortality
rates it . patients operated an in early childhood. late child-
hood and adolescence and adulthood .
Late mortality . There were 17 late deaths from 4 months
to 10 years postoperatively. Of the 29 patients who needed
late reoperation. 8 died during hospitalization . Five patients
died of progressive intractable congestive heart failure as a
result of left ventricular myocardial failure . Three patients
died suddenly and unexpectedly . Although autopsy dis-
closed no obvious cause of death, a sudden arrhythmia
presumably was the cause . One patient died of massive
gastrointestinal bleeding; autopsy revealed that esophageal
varices were the source of bleeding and examination of the
liver disclosed fibrous changes compatible with cirrhosis, the
cause of which was unclear .
Late reoperation . This was required in 29 patients (Table
4). Subsonic resection for outflow tract obstruction was
necessary in seven patients . None of these patients had a
significant gradient from the left ventricle to the aorta at the
time of cardiac catheterization before the Fonlan procedure .
However, in several cases, retrospective review of angio-
grams obtained before the Fontan procedure did reveal
either subaortic conal musculature or a ventricular septal
defect of the bulboventricular foramen type that appeared
somewhat narrowed. These studies have led surgeons at the
Mayo Clinic to resect subaortic muscle "prophylactically"
or to enlarge the ventricular septal defect at the time of the
Fontan operation if preoperative angiography suggests the
potential for later obstruction
. These procedures are fol-
lowed even if no gradient is measured d'_riny catheterizaion
at rest or even if it cannot be induced with infusion of
isoproterenol (8) .
Seven patients required pennnrrent pa, ,,,,k,, irrserlinrr
far late derelopmeni of complete heart black, none of
La,Renprralion No-di?,, n,
boor ,
Pacemaker
Repairdehi,tt-nceot'vohiAVvoIcepmeh 4
Left AV
"e!"epl
;¢rmrnl t
Fonlan path,,,, taken dour
Ra .urrent ASO tear I
Condor 'ca,al-rep.,i,atdehnrenceotvn5t I
AV colic latch
Night :nrial ihramheclnmv
Aatr'a vale, replaeemenl I
Suheortie meted o n -repair of dehisancc of I
nrhl Av r :dto patch
Total
'Tao of them threr paliems died at reepcrmioa . 5SD = a dU septal
defect : AV - atriwemncularr
whom had a ventricular septa) defect or subaortic resection
at the time of their Foman procedure . Early in this series,
four patients required reoperation to repair dehiscence
of the patch occliding the right AV valve . One patient
required this procedure and concomitant subaortic resec-
tion ; another patient had repair of patch dehiscence and
removal of an obstructed conduit . Because of technical
advances in placing and securing the AV valve patch in
recent years, this late complication has not been seen since
the early 1980s .
In duve patients. the pathaa-
v created
n'irlr the Fontrm
pro(edure was taken do- late in an attempt to alleviate a
clinical situation characterized by refractory severe conges-
tive heart failure, pleural effusion and ascites
. Two of these
patients . including one who had protein-losing enteropathy
111) . died at reoperation. The third patient was alive but
remained significantly disabled with evidence of severe
ventricular dysfunction .
Follow-up data in itlesurvising patients
. Recent follow-up
data were available (from a questionnaire or return visit) in
I I I of the 119 surviving patients . The duration of follow-up
ranged from 6 months to nearly I I years (mean 4.9 years) .
Eighty-eight percent of patients thought that they were doing
well and a great majority stated that their exercise tolerance
and feeling of well-being were definitely improved compared
with their preoperative status . Fifty-one percent were not
taking cardiovascular medications . Some patients classified
as having a good result still experienced occasional episodes
of fluid retention that responded to increased diuretic ther-
apy and dietary management . Eight patients had paroxysmal
atrial arrhythmia severe enough
10
require antiarrhythmic
medication. Patients with a fair or poor result 112%) gener-
ally reported having fluid retention and poor exercise toter-
ance
. Two of these patients were known to have protein-
losing enteropathy .
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Table 3. Mortality in 155 Patients With DoubleInlet Left
Ventricle Who Had the Modified Fonlan Operation
Table
d.
Late Reoperation in 29 Patients With Double-Inlet Left
Ventricle Who Had the Modified Fonlan Operation
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Discussion
The Fontan approach was first successfully used >20
years ago for patients with tricuspid atresia
. Subsequent
modifications of the technique hav,! been applied to patients
with all other types of functional single ventricle . With
improved patient selection . the development of new opera-
live techniques and the formulation of optimal early and late
postoperative management, results have improved . The hos-
pital mortality rate in patients with trio : spid atresia (12) and
double-inlet left ventricle is now X10% and it continues to
decrease in the more complex forms of single ventricle often
associated with the polysplenic and asplenic syndromes (31 .
Late follow-up
. Follow-up results are also encouraging .
Most patients can lead useful and productive lives and an
ever
.expanding number continue to have good results with
improved exercise tolerance >10 years postoperatively .
Objective data provided by exercise testing before and after
the procedure (13) further substantiate that these patients
have significantly increased stamina postoperatively . Al-
though it is still too soon to assess long-term results, this
operation, which reduces ventricular volume load to normal
while eliminating systemic arterial hypoxemia, will likely be
a major step forward in improving both the quality of life and
the longevity of patients with some of the most complex
forms of congenital heart disease .
Criteria far operation
. Experience with the Fontan pro-
cedure makes it clear that the original 10 criteria for opera-
bility established by Choussat et al . (14) were too stringent .
Good results can he obtained in patients who have the
operation before the minimal recommended age of 4 years
(4 .15) or after the maximal recommended age of 15 years
(16)
.
Excellent results are achievable in patients who do not
have normal sinus rhythm before operation (17) . Anomalies
of systemic and pulmonary venous return can be handled by
the innovative surgeon (3,7) . Alrioventricular valve incom-
petence, although it must be corrected at the time of the
Fontan procedure, does not preclude a good operative result
if ventricular function remains good .
The important criteria that must be satisfied to obtain a
good operative result involve the central pulmonary artery
size, pulmonary arteriolar resistance and ventricular func-
tion, particularly diastolic compliance (12) . The maintenance
of satisfactory cardiac output at acceptably low right-sided
pressures postoperatively mandates that flow through the
central pulmonary arteries and pulmonary resistance vessels
be relatively unimpeded. In addition, the filling pressure of
the left ventricle must be low enough so that when the mean
tmnspulmonary gradient of 6 to 8 mm Hg (which is neces-
sary to drive blood across the pulmonary capillary bed) is
added to the mean left-sided filling pressure, the resulting
mean pressure in the right atrium and systemic veins is not
>18 to 20 mm Hg.
Pulmonary arteries and arteriolar resistance . In most
patients with functional single ventricle, the central pulmo-
nary arteries are not naturally hypoplastic, If problems with
Table S
. Relation of Preoperative Pulmonary Arteriolar
Resistance and Mortality in 86 Patients With Double-Inlet Left
Ventricle
Who Had the Fontan Operation
No . of Deaths O of Deaths
Resistance No . of	
(unit-al Patiems• Early Late Early Overall
61
2 .1-3 18
3 .1-4 6
>4 I
Total 86
7 3 15
6 11 44
3 0 50
50
0
1
7 14
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"Data were unavailable for 69 of the 155 patients in the series .
these vessels are present,
they
are most often iatrogenic,
secondary to distortion from a previously created shunt or
pulmonary artery band . Waterston and Potts shunts are
particularly prone to scarring and produce hypoplasia of the
central pulmonary arteries . Instead of these shunts, the less
mutilating Elalock-Taussig shunt placed as centrally as pos-
sible or a central aorta to pulmonary artery poly tetrafluoro-
ethylene graft should be used .
In a large series from another institution (4), the operative
mortality Tate was significantly increased if pulmonary arterio-
lar resistance was >2 units-m2. The preoperative cardiac cath-
eterization data from 86 patients in our series (Table 5) sub-
stantiated that early and overall mortality rates were increased
if pulmonary arteriolar resistance exceeded this value .
Ventricular function . Ventricular diastolic function is of-
ten difficult to assess at preoperative catheterization in
patients with double-inlet left ventricle, who often have
ventricular volume loads three or more times that of normal
and equally increased ventricular dimensions. Postopera-
tively, once the ventricular volume load has been reduced to
normal, a ventricular end-diastolic pressure of m12 to
14 mm Hg is mandatory if right-sided pressures are to be
acceptably low . However, many of these patients will have
a ventricular end-diastolic pressure ?15 to 20 mm Hg before
the Fontan operation and it is necessary to determine
whether this elevated pressure is secondary to the increased
ventricular volume load and, hence, can be expected to
decrease significantly immediately after operation or
whether it is largely due to ventricular hypertrophy and
fibrosis and therefore will not decrease significantly imme-
diately after the procedure.
One measure of ventricular diastolic compliance that
may provide such an assessment is to divide the ventricular
end-diastolic pressure (LVEDP) by the total volume load to
which the ventricle is being subjected . In patients with
double-inlet ventricle, this ventricle receives blood from
both the pulmonary and systemic circulations ; hence, its
total volume load is the pulmonary flow index (Qp,) plus the
systemic flow index (Qst), or Qp, + Qs, Therefore, ventric-
ular compliance is LVEDP((Qp, + Qs,) . An increased ven-
tricula-rend-diastolic pressure divided by a large volume load
may indicate normal compliance that is manifested as an
JACC Val . 18. No. 7
December 199L1727-32
Table 6 . Relation Between Intraoperative Right nr ;at Mean
Pressure Measured After Fontan Repair and Mortality in 146
Patients With Double-Inlet Left Ventricle
Right Alriul
	
No. of Deaths 0 of Death
Mean Pressure Noo of
(mm Hot Patients" Early [,me Early Overall
=_10 I 0 0 n o7,
1 1-15 26 1 3 + st 15
1
16
16-20
90 6
9 7 1
21-25 29 II 5
38' 5
Total 146 18 Il
'Data were unavailable for 9 of the 155 pmicntx in the series . 'p < u.lol I
by Wilcoxon rank-sum sn .
acceptably low ventricular diastolic pressure immediately
after operation when the ventricular volume load has been
normalized- however, an elevated ventricular end-diastolic
pressure divided by a relatively modest ventricular volume
load gives a higher value that may indicate reduced myocar-
dial compliance, in which case the immediate postoperative
left-sided pressures may remain significantly increased and
preclude operative survival or a good result .
Catheteriratiun index . In a patient with normal central
pulmonary arteries who has had the Fontan procedure, the
right-sided pressures are primarily dependent on pulmonary
arteriolar resistance (Rp,) and left ventricular diastolic com-
pliance, the two resistances then in series . Recently, we (12)
retrospectively correlated postoperative right-sided pressure
and clinical results with a new preoperative catheterization
index obtained by adding Rpa to LVEDPI(Qp, + Qs
1 ) in 176
patients with tricuspid atresia who had the Fontan procedure
at the Mayo Clinic between 1973 and 1989, This review (12)
suggested that once this index ([Rp
a
+ LVEDPhIQpt + Quill
was >4, the chance of these patients surviving the Fontan
operation was very cignificantly reduced . Preliminary results
of
a similar analysis in our group of patients with double-inlet
left ventricle are in accord with this finding .
Posteepair Intraoperative pressure. After the repair, right
aerial mean pressure was recorded intraoperatively in 146 of
our 155 patients (Table 6) . This pressure was measured with
the patient off cardiopulmonary bypass at a time when the
systemic arterial pressure generated was adequate to pro-
vide good peripheral perfusion . For patients in whom the
mean right atrial pressure was >20 mm Hg . early and overall
mortality rates increased significantly.
Current management of patients with double-inlet left
ventricle. Currently, the diagnosis of double-inlet left ven-
tricle is usually made in early infancy . From that point on,
conversion to the Fontan circulation should be considered .
Cardiac catheterization and angiography should be per-
formed in early infancy to establish the exact anatomy of the
malformation and to measure pulmonary artery pressure . In
infants without significant natural pulmonary stenosis, pul-
monary artery banding should be performed during the first
months of life to protect the pulmonary arteriolar bed, a
xtAIP ET AL. 1731
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critical factor if a later Fontan procedure is lobe successful_
Patients whu have this bamdng must undergo frequent
evaluation with Doppler echocardiography lobe certain that
the hand is effective and that significant sabaortic obstru_-
tion and secondary ventricular hypertrophy are not devel-
oping (81 . The t'ontan procedure should probably he per-
formed electively when the patient is between 7 and 3 years
of ~ e '1S) However, if there is evidence o£ significant
subuortic obstruction or poor growth secondary to poorly
controlled congestive heart failure, it can b. performed any
time after I year of age with a good chance of success .
Postoperative management, After the Fontan procedure,
patients need continued close surveillance. Some undoubt-
edly will experience some of the late complications previ-
ously reported, including atria) arehythmias, protein-losing
enteropathy and thrombocmbotic phenomena (19). Patients
with double-inlet left ventricle are also particularly predis-
posed to the development of late complete heart Fleck and-
therefore . a few will require late pacemaker implantation .
However, even patients in whom these known potential late
sequelae are developing can be managed successfully and
will usually lead active lives . Therefore, the modified Fenian
operation performed in early childhood is the best manage-
ment available for patients born with double-inlet left ven-
tricle .
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